Background/Purpose Intra-abdominal arterial hemorrhage is still one of the most serious complications after pancreato-biliary surgery. We retrospectively analyzed our experiences with 15 patients in order to establish a therapeutic strategy for postoperative arterial hemorrhage following pancreato-biliary surgery.
Introduction
Despite a declining mortality rate after pancreato-biliary surgery [1] [2] [3] [4] , intra-abdominal arterial hemorrhage is still one of the most serious complications [5] [6] [7] [8] . Arterial bleeding has a disastrous clinical outcome, with a reported mortality rate of 20-50% [6, 9, 10] . With the recent advances in interventional radiology (IVR), transcatheter arterial embolization (TAE) has been widely used, gaining acceptance for the treatment of visceral aneurysm or pseudoaneurysm. Various articles regarding TAE for postoperative ruptured pseudoaneurysm have reported success rates of 50-100% [6, [11] [12] [13] . To our knowledge, management of postoperative arterial hemorrhage after pancreato-biliary surgery according to the site of bleeding and clinical condition including the type of operative procedure has not yet been advocated and, therefore, a detailed indication for TAE for this condition has still to be established. In this article, we retrospectively analyzed our experiences with 15 patients in order to establish a therapeutic strategy for postoperative arterial hemorrhage following hepato-biliary-pancreatic surgery.
Patients and methods

Patients
Between August 1981 and November 2007, 708 patients underwent major pancreato-biliary surgery at the Department of Surgery, Teikyo University Hospital. Fifteen of these 708 patients (2.1%) (11 men and 4 women, 50-82 [mean 65.2] years old) developed massive intra-abdominal arterial bleeding after the surgery. These 15 patients were divided into two groups according to the site of bleeding: SMA group, bleeding from the superior mesenteric artery (SMA) (4 patients); HA group, bleeding from the stump of the gastroduodenal artery (GDA), right hepatic artery (RHA), common hepatic artery (CHA), or proper hepatic artery (PHA) (11 patients) .
Patient characteristics are listed in Table 1 . Diagnoses at initial surgery were pancreatic head carcinoma (4 patients), lower bile duct carcinoma (4 patients), perihilar cholangiocarcinoma (2 patients), ampullary adenocarcinoma (2 patients), intrahepatic cholangiocarcinoma (1 patient), gallbladder carcinoma (1 patient), and chronic pancreatitis (1 patient). The procedures of the initial surgery were pyloruspreserving pancreatoduodenectomy (PPPD) (7 patients), Whipple's pancreatoduodenectomy (PD) (3 patients), right hemihepatectomy and caudate lobectomy with extrahepatic bile duct resection (2 patients), right hemihepatectomy and caudate lobectomy with PPPD (1 patient), left hemihepatectomy and caudate lobectomy with extrahepatic bile duct resection (1 patient), and total pancreatectomy (1 patient). In the patients with malignant disease, skeletonization of the hepatic artery was routinely performed to remove neural and lymphatic tissue of the hepatoduodenal ligament. In patients with pancreatic head carcinoma, the SMA was right-semicircularly exposed to resect the surrounding right-sided nerve plexus. Sentinel bleeding was defined as minimal bleeding from either abdominal drains or the gastrointestinal tract without evidence of peripheral circulatory impairment or transfusion requirement.
TAE technique
Patients underwent emergency angiography using the standard Seldinger technique and an angiography catheter. At first, superior mesenteric arteriography, arterial portography, and celiac arteriography were performed with a 4 F preshaped catheter. When a pseudoaneurysm or extravasation of contrast media was identified, transcatheter microcoil embolotherapy was performed. A 2.9 F microcatheter (Sniper; Clinical Supply, Gifu, Japan, or Progreat; Terumo, Tokyo, Japan) was then inserted via the angiography catheter. Coil embolization, both proximal and distal of the 
Complication definitions
Leakage of a pancreatojejunostomy and pancreatic fistula was defined as amylase-rich exudate (amylase more than three times normal serum concentration) from the drainage tube placed at the pancreatojejunostomy and near the pancreas, respectively. Leakage of a hepaticojejunostomy was defined as the persistent presence of bile from the drainage tube placed at the hepaticojejunostomy. Diagnosis of hepatic infarction was based on the coexistence of CT findings (geographic, low attenuation perfusion defects without mass effect) seen in association with an acute increase in the serum alanine aminotransaminase level to more than 1,000 IU.
Results
The results are shown in Table 2 . The interval between initial surgery and the first intervention in the 15 patients was 5-39 days (mean 22.6 days). All patients had intra-abdominal infections, the cause being leakage of pancreatojejunostomy in six patients, leakage of hepaticojejunostomy in five, and leakage of pancreatojejunostomy and hepaticojejunostomy, leakage of gastrojejunostomy, pancreatic fistula, and perforation of the jejunal limb in one patient each. Sentinel bleeding was noted in seven patients (46.7%) for 1-10 (mean 2.2) days before massive bleeding. Sentinel bleeding was identified as bleeding from drain in all seven patients. When sentinel bleeding occurred, contrast-enhanced CT and angiography were performed in five and four patients, respectively, but neither pseudoaneurysm nor extravasation was demonstrated on either examination. On the occurrence of massive bleeding, contrast-enhanced CT was performed before angiography in eight patients. Intra-abdominal pseudoaneurysms and hematomas, hematomas only, and fluid collection were demonstrated in five, two, and one patient, respectively. Angiography was performed in 14 patients, and pseudoaneurysms or extravasations were demonstrated in all of them.
SMA group
The SMA group consisted of four patients in whom bleeding occurred from SMA. Three patients required relaparotomy, and coil embolization was performed in one. None of the patients in this group survived. One patient (patient 2) was transferred to the operating room as soon as bleeding from drain was identified, without first performing angiography. The bleeding site could not be reached at re-laparotomy due to dense adhesion, serious inflammation, and massive bleeding; therefore ligation of the fistula was performed. Complete hemostasis was not obtained and he was died of bleeding shortly after the second surgery. The site of bleeding was detected at autopsy.
Angiography was performed in three patients. Extravasations from the right wall of SMA were demonstrated in two patients (patients 1 and 3) and a pseudoaneurysm of a tributary of SMA was identified in one patient (patient 4). Two patients (patients 1 and 3) were transferred to the operating room because TAE was avoided for fear of ischemia of the small intestine. In patient 1, SMA was cut both proximal and distal to the bleeding point, and rearterialization was performed with a 6 mm polytetrafluoroethylene (Gore-Tex) graft. Because the jejunal limb lapsed into necrosis during the operation, the jejunal limb was resected with disassembling pancreatojejunostomy and hepaticojejunostomy. Tube hepaticostomy and pancreatostomy were performed. Although hemostasis was obtained, he did not recover from circulatory failure and died one day after the second operation. In patient 3, bleeding was stopped by suturing. The jejunal limb was resected disassembling pancreatojejunostomy and hepaticojejunostomy in order to detect the bleeding point by improving the operative field, although insufficiency of pancreatojejunostomy was not noted. Tube hepaticostomy and pancreatostomy were performed. The upper half of the midline incision was not closed, allowing open drainage. After the second operation, bleeding occurred several times and was stopped by suturing at bedside. The general state deteriorated gradually, and he died of hepatic failure 58 days after the initial surgery.
In one patient (patient 4), bleeding from CHA was also identified prior to bleeding from SMA. For the CHA bleeding, coil embolization was performed for CHA pseudoaneurysm using interlocking detachable coils 34 days after the initial surgery. Re-bleeding from CHA was not noted, but bleeding from a pseudoaneurysm of a tributary of SMA occurred 46 days after the surgery, and coil embolization was performed on the same day (Fig. 1a) . He encountered re-bleeding from pseudoaneurysms of SMA at days 52, 63, 103 post surgery (Fig. 1b) . For each re-bleeding, coil-embolization was performed for the pseudoaneurysms using interlocking detachable coils. The patency of SMA was preserved in order to prevent ischemia of the small intestine. He died of multiple organ failure 110 days after the initial surgery.
HA group
The HA group consisted of 11 patients in whom bleeding sites were major branches of the celiac artery: stump of GDA in six patients, PHA in two, RHA in two, and CHA in one. TAE was performed in all 11 patients. The sites of embolization were CHA in seven patients, PHA in three, and RHA in one. Portal vein patency was confirmed by superior mesenteric arteriography before embolization in all patients. In 10 of 11 patients, complete hemostasis was obtained and rebleeding was not noted in any of the patients.
All four patients undergoing hepatic lobectomy for biliary hilar malignancy (patients 5-8) died, three of hepatic failure, and one of persistent bleeding within 24 h. On angiography, there were collateral pathways for the arterial supply to hepatic parenchyma in two patients: accessory left hepatic artery arising from left gastric artery (patient 6) and right inferior phrenic artery (patient 7). In two of the four patients, serum total bilirubin concentrations before bleeding were more than 10 mg/dl, and in the other two patients they were less than 3.0 mg/dl.
In seven patients undergoing pancreatectomy (patients 9-15), one patient (patient 9) died of disseminated intravascular coagulation (DIC) 10 days after TAE, and six patients recovered. Hepatic infarction was encountered in four patients. The sites of infarction on CT were lateral segment and S5 in three patients and lateral segment in one. Three of the four patients encountering hepatic infarction improved with lateral segmentectomy performed 3 days after TAE in one patient (patient 11) (Fig. 2) , plasma exchange in one (patient 13), and medical treatment in one (patient 14). In three patients without hepatic infarction, either right (RHA) or left hepatic artery (LHA) was preserved, as the sites of embolization were RHA (patient 8) and CHA (LHA) accompanied by replaced RHA arising from SMA (patients 10 and 15).
Discussion
Sentinel bleeding was first described by Brodsky and Turnbull [6] in 1991 as hemorrhage of drainage fluid or in the gastrointestinal tract. Sato et al. [11] emphasized the significance of early angiography promptly after the recognition of sentinel bleeding, since all 10 patients with massive bleeding after pancreatectomy had sentinel bleeding. However, the efficacy of early angiography for sentinel bleeding was not evaluated. In this study, on the occurrence of sentinel bleeding, CT and angiography failed to demonstrate the site of bleeding in five and four patients, respectively. Sentinel bleeding is less likely to be visualized by angiography, possibly due to the intermittent character of hemorrhage [10, 14] . Okuno et al. [15] reported that 6 patients with episodes of sentinel bleeding after hepato-biliary-pancreatic surgery obtained hemostasis through medical treatment. Although sentinel bleeding does not always accompany subsequent massive bleeding, surgeons should prepare for possible massive bleeding when sentinel bleeding is identified.
There have been a few reports describing postoperative hemorrhage from SMA in detail. Blockage of blood flow from SMA reduces ischemic necrosis of the small intestine. Therefore, we did not perform TAE for SMA in any of the patients. Unfortunately, none of the patients with bleeding from SMA was successfully treated in this study. Recently, a few case reports described the successful treatment of patients with chronic pancreatitis encountering bleeding from SMA by TAE of pseudoaneurysm using interlocking detachable coils [16, 17] . Because the design of the interlocking detachable coil allows controlled release of the device and its accurate placement, it may also be an effective means of treating pseudoaneurysms [17] . In one patient (patient 4), we performed coil embolization for pseudoaneurysm of SMA by using interlocking detachable coils, but repeated bleeding occurred due to sepsis from pancreatojejunal anastomotic insufficiency. The long-term success of embolization of the pseudoaneurysm with interlocking detachable coils is unknown. One case report has described coil compaction after embolization of SMA pseudoaneurysm [18] . In cerebral aneurysm, coil compaction following successful embolization often occurs [16] . Even if an aneurysm is completely embolized, the ''waterhammer effect'' of blood pulsation transmitted into the coil-thrombus complex may induce eventful coil compaction or aneurysm regrowth with potential for late bleeding [19] . In aneurysms of SMA, abdominal movements and pancreatic enzymes may also increase the risk of coil compaction [18] . There is a report that continuous intraarterial infusion of vasopressin for bleeding from a branch of SMA after PD obtained complete hemostasis [15] . However, whether this procedure using vasopressin would be effective for massive bleeding from SMA remains unclear.
The first line of treatment for massive bleeding from hepatic artery after pancreatectomy is TAE. However, the long-term result of this treatment is unknown, and liver infarction or ischemia has been reported as a mortal complication of TAE for pseudoaneurysms arising from hepatic arteries [11, 13, 20] . It is commonly believed that the dual blood supply and extensive collateral pathways of the liver serve to protect this organ from ischemic insult. Occlusion of the hepatic artery is usually welltolerated and has been performed safely in some cases following PD. However, recently Yoon et al. [21] revealed a 30% incidence of liver abscess after hepatic artery occlusion for bleeding pseudoaneurysms after PD. Kim et al. [22] found that six out of seven patients had hepatic abscesses following hepatic artery embolization after having undergone a prior Whipple procedure. In our series, liver infarction occurred in five patients. Ligation of the PHA results in the development of small collateral vessels in the hepatic ligaments and around the common bile duct [23] . These collateral vessels may be noted immediately after temporary occlusion of hepatic arterial flow [23] . However, collateral arteries around the common bile duct were disrupted after bile duct resection. The fact that infarction of the entire liver did not occur in any patients must be attributable to recruitment of other collateral pathways including inferior phrenic arteries, intercostal arteries, and gastric arteries that were presumably not ligated at the initial surgery.
There have been a few detailed reports in the literature concerning postoperative hemorrhage after major hepatectomy for biliary hilar malignancy [15, 24] . Nagino et al. [24] treated nine patients who encountered postoperative hemorrhage after hepatectomy for hilar cholangiocarcinoma. Re-laparotomy was performed in eight patients, and seven survived. In only one patient was TAE used for rupture of the RHA after extended left hepatic lobectomy. The patient suffered from liver failure following embolization, but he recovered. In our series, all four patients after major hepatectomy with extrahepatic bile duct resection died of hepatic failure or persistent bleeding within 24 h after TAE of hepatic artery. These results imply that TAE for postoperative hemorrhage after major hepatectomy with extrahepatic bile duct resection is nearly contraindicative. Experimental and clinical studies elucidated that partial arterialization of the portal vein for hepatic artery occlusion after hepatic resection could preclude hepatic necrosis or failure [25, 26] . Iseki et al. [27] reported three successful cases of concomitant hepatic artery resection with arterioportal shunt for pancreato-biliary malignancy, advocating that mesenteric arterioportal shunt has the advantages of choice of arterial size and a site removed from the primary operative field.
The recent refinement of IVR has been solving the most serious complications of TAE, namely, mesenteric ischemia and hepatic infarction or failure after TAE for SMA and hepatic artery, respectively. In recent years, covered stent-grafts have been used in the endovascular repair of abdominal aneurysm. Obliteration of the aneurismal neck results in effective obliteration of the aneurysm without block of arterial flow [28] . In 1998, McGraw et al. [29] first reported the successful use of covered stent for management of a SMA pseudoaneurysm occurring after PD. In 2000, Burger et al. [30] first described the successful stentgraft repair of a ruptured hepatic artery aneurysm after PD. Some authors actually consider this therapeutic option as the first-line treatment for a bleeding pseudoaneurysm in critical situations where the consequences of superior mesenteric or hepatic artery occlusion may be disastrous [20, [30] [31] [32] . The procedure remains risky due to the possibility of rupturing the artery because of its fragile vascular wall and infection involving the covered stent itself, since the vessel is affected by septic condition [33] . It has to be mentioned, however, that this angiographic intervention in branches of the celiac trunk is technically demanding, even in experienced centers, and is not always possible for anatomical reasons [20] . In addition, long-term results of endovascular covered stent placement have yet to be evaluated; therefore further investigation will be necessary to determine the feasibility of this treatment. In Japan, no covered stent for visceral arteries is commercially available; thus we do not perform this procedure.
Re-laparotomy is sometimes required for control of bleeding that was technically impossible to stop by angiography, or for recurrent bleeding after coil embolization [20] . Some authors claimed that surgical intervention was the first-line treatment for postoperative massive hemorrhage following pancreato-biliary surgery [34] [35] [36] . There are two major advantages of surgical intervention over TAE. Hemostasis by suturing could stop arterial bleeding without blocking blood flow. Control of infection could be achieved by completion pancreatectomy, tube pancreatostomy, or appropriate drainage tube placement [34, 35] . However, a surgical approach to bleeding pseudoaneurysm is sometimes unsuccessful because of dense adhesion and a poor operative view filled with blood. In such situations the aortic occlusion balloon catheter method is helpful for controlling oligemic shock and obtaining a good view of the operative field [34] .
Randomized controlled trials (RCTs) are needed to elucidate the appropriate management for massive bleeding after pancreato-biliary surgery. However, it is difficult to plan RCTs in an ethically acceptable manner, and besides that, the number of patients encountering postoperative hemorrhage is fortunately quite limited. A drawback of the present study, of course, is this very fact, the limited number of patients.
In any event, we think that postoperative arterial hemorrhage after pancreato-biliary surgery should be managed according to the site of bleeding and the initial operative procedure. The first-line treatment for bleeding from major branches of the celiac artery after pancreatectomy is TAE, in spite of the fact that the possibility of hepatic infarction does exist. Careful consideration is required for the indication of IVR for bleeding from SMA after pancreatectomy and hepatic artery after major hepatectomy with bilioenteric anastomosis. Treatment options including partial arterialization of the portal vein and re-laparotomy should be considered for the prevention of hepatic failure and rebleeding. Angiographic stenting with preservation of superior mesenteric and hepatic arterial flow, if technically possible, might represent the best treatment option.
